ABSTRACT A fraction of mouse RNA containing messenger RNA coding for mouse interferon was translated with high efficiency in a wheat germ system into a fully active product. This product fulfills the criteria for mouse interferon, namely: (1) it was active against vesicular stomatitis virus and herpes simplex virus in mouse cells; (2) its antiviral activity was species specific; (3) its activity was completely neutralized by mouse anti-interferon serum. The synthesis of interferon in this cell-free system requires the presence of spermine.
Interferon is a species-specific protein with high antiviral activity that is induced in most vertebrate cells by either virus or double-stranded RNAs. Using metabolic inhibitors, it was shown that interferon mRNA appears very soon after induction (1) . We have previously described a biological assay of interferon mRNA using heterologous intact cells (2) .
We report herewith that the mouse interferon message can be efficiently translated in vitro by wheat germ extracts. The product thus synthesized possesses both antigenic and antiviral properties of mouse interferon as well as its species specificity.
MATERIALS AND METHODS
Induction of Cells for mRNA Extraction. Mouse C-243 cells, a line transformed by murine sarcoma virus (3) , were induced with poly(I)-poly(C) in large petri dishes (150 mm diameter); they received 10 ml of MEM (Eagle's minimum essential medium) without serum containing 30 ,ug/ml poly(I)-poly(C) and 100 ,g/ml of DEAE-dextran. The inducer was left for 2 hr on the cells and then removed; the cells were washed once with warm MEM and 30 ml of MEM containing 3% calf serum were then added. Nine hours after the onset of induction, the cells were harvested and frozen at -70°until the time of RNA extraction.
RNA Extraction was performed according to the two-step technique previously described (2) . A typical extraction, in which cells harvested from 15 confluent dish cultures were utilized, yielded 3550 .g of RNA in the A phase (RNA solubilized in aqueous layer after sodium dodecyl sulfate and phenol extraction), and 2360,ug in the I phase (RNA solubilized only after Pronase treatment). The I phase was further fractionated by sedimentation over a 10-20% sucrose gradient for 30 min at 30,000 rpm in a SW 41 rotor. The bottom half of the gradient contains rapidly labeled nuclear RNA in an aggregated form, whereas the upper half (called 13) contains nuclear RNA ,uM GTP; 7.5 mM creatine phosphate; 20 jug/ml of creatine kinase; 30 AtM aminoacid hydrolysate plus tryptophan; 2 mM magnesium acetate; 80 mM potassium chloride; 4 mg of proteins/ml of S3o extract; 0.1 mM spermine; and mRNA, as indicated. Incubation was done at 250 and aliquots were removed at different time intervals for aminoacid incorporation measurements and for interferon activity assays. For the latter the aliquots were stored at -80°until use.
Interferon Assays. Interferon titers were determined by a plaque reduction method in 6-day-old secondary cultures of Swiss mouse embryo fibroblasts, with vesicular stomatitis virus (VSV) (Indiana strain) as challenge. One unit is defined as the minimum amount necessary to reduce the plaque number by 50%.
Anti-interferon serum, obtained through the courtesy of B. Fauconnier (Faculte de Medecine, Rennes, France) was prepared in sheep using mouse L-cell interferon induced by Newcastle disease virus (NDV) as antigen (4) . When diluted 800-fold the serum was capable of neutralizing 10 units of Abbreviations: VSV, vesicular stomatitis virus; MEM, Eagle's minimum essential medium; Hepes, N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid. The antiviral activity was not due to one of the components present in the translation system since, the reaction mixture lacking one of the major constituents, either mRNA or So extract, proved to be inactive under identical incubation conditions. Moreover, the complete system was checked by the translation of the alfalfa mosaic virus RNA; the efficiency of translation was exactly what had been found previously §; alfalfa mosaic virus proteins synthesized in vitro did not exert antiviral activity in the interferon assay. Spermine was found to be an absolute requirement for the production of the antiviral activity (Fig. 1) (Table 2) .
Another property of interferon is species specificity. We checked this property by assaying the translation product in primary cultures of chick embryo fibroblasts and in monkey Vero cells, with VSV as challenge virus. As shown in Table 3 , no antiviral activity was found with the translation product assayed in these cells.
In order to check that the antiviral activity of the cell-free translation product was not directed specifically against VSV only, one interferon assay in mouse embryo fibroblasts was Translation was carried out as in Table 1 . Samples containing about 600 units/ml from one translation experiment and 1000 units/ml from another experiment were each divided into two identical parts. They were incubated at room temperature for 30 min, either with anti-interferon serum or with control sheep serum. All samples were then tested for antiviral activity.
Proc. Nat. Acad. Sci Tables 1 and 2. carried out using herpes simplex type 1 as challenge virus. The cell-free product was also active against this virus.
DISCUSSION
Our results clearly show that an antiviral product having the biological features of mouse interferon was synthesized by wheat germ extracts, in response to the addition of an RNA fraction from mouse cells producing interferon. The antiviral activity of the product was completely inhibited by mouse interferon antiserum and the product was active only on mouse cells. Addition of spermine was an absolute prerequisite to the translation activity of the extracts. There was no close correlation between the level of radioactive aminoacid incorporation and the synthesis of interferon. Presumably there was a competition between the reaction directed by endogenous mRNAs of the extract and the newly added mRNA, or (and) an interference between different mouse mRNA species present in our preparation. In fact, the RNA fraction used was not characterized and probably contained many species of RNA, including several molecular species of interferon mRNA (6) .
The wheat germ cell-free extract is a common translation system in which many messengers of various origin have been translated, e.g.: tobacco mosaic virus RNA (5, 7, 8) phage Q13 RNA (9) , rabbit globin RNA (7), simian virus 40 RNA (10, 11) , reovirus and VSV RNA (12) , rat brain RNA (13) , hen oviduct polysome RNA (5), brome mosaic virus RNA (14) , alfalfa mosaic virus RNA (15, §) and other viral RNAs (15) . However, the efficiency and the fidelity of translation vary. In the case of interferon synthesis studied here, the fidelity of translation is demonstrated by the fact that the synthesized protein is fully biologically active. Concerning the efficiency of translation, it is not possible to express it as mole of protein made per mole of mRNA added, since there is not enough information available on the physico-chemical properties of interferon and its mRNA.
The proportion of interferon in the newly synthesized proteins is not known, and it is likely that other messengers than interferon mRNA were translated. Even if one assumes that all the counts represent synthesis of interferon (Table 1) , the low level of incorporation suggests an extremely high specific activity of the antiviral component. Assuming a molecular weight of 25,000 for interferon and an aminoacid composition similar to that of the radioactive aminoacid hydrolysate, a minimal specific activity in the order of 109 units/mg can be calculated.
The yield of interferon produced by this cell-free system compares favorably with that obtained in the in vivo assay (2) . Using the same RNA preparation, we obtained in intact Vero cells a yield of at least 200 interferon units/,g of RNA;
in the cell-free system we have obtained 600 interferon units/jig (Table 1) .
Mouse interferon is of glycoprotein nature (16) . The question therefore arises of the chemical nature of the translation product; is there any post-translational modification of the polypeptide chain to make the biosynthetic interferon fully active? With such a high efficiency of translation of mouse interferon mRNA, it may be possible to obtain labeled interferon molecules in high enough amounts for biochemical and physical studies.
This cell-free synthesis of interferon clearly represents in vitro production of eukaryotic protein endowed with biological activity.
We are indebted to P. Pitha for indicating optimal conditions for interferon production by poly(I)-poly(C) in C243 cells and to I. Vil 
